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Abstract 
Cirrus clouds play an important role in Earth-atmosphere radiation budget through 
absorbing long-wavelength outgoing radiation from the earth and scattering 
short-wavelength incoming solar radiation which determined by their optical property. 
The optical parameters such as scattering and extinction of the cirrus clouds are 
related to their microphysical properties such as the complex refractive index, shape, 
and size distribution. A three-wavelength lidar is built in Hefei in China to study the 
optical and microphysical properties of the cirrus clouds which is a bistatic lidar 
system transmitting three laser beams at 355nm, 532nm and 1064nm wavelength 
simultaneously with a receiving Cassegrainian 14-inch telescope in diameter. 
For optical thin cirrus clouds, a transmittance method (Young 1995) combined by the 
Fernald (1984) backward interactive method is used to retrieve the optical depth and 
the backscatter coefficient of the cirrus clouds. Fig. 1(a) shows the attenuated 
backscatter of the measured cirrus clouds at three wavelengths, demonstrating that the 
cirrus cloud altitude is approximately 13 km with a physical depth of about 1.5 km. 
Using the previously introduced methods, three backscatter color ratios 
(β1064/ β532; β532/ β355; β1064/ β355) are given in Fig. 1(b), and the retrieved optical 
depth and the lidar ratio are summarized in Table 1. 
  
Fig 1 Attenuated backscatter(a) and backscatter color ratio(a) profiles 
 
a) b) 
Table 1 retrieved parameters of the measured cirrus clouds 
 
For the optical thick cirrus clouds, attenuated backscatter color ratio is good to 
approximate the backscatter color ratio. From January to October in 2011, we selected 
the cirrus lidar data of 51 days to analysis the statistic pattern of the three different 
wavelength pairs as showing in Fig. 2. We found that these three pairs of color ratios 
almost in normal distribution mode with different peak locations, i.e. color ratio of the 
peak value of β1064/ β532, β532/ β355 and β1064/ β355 is 0.9, 0.7 and 0.6. 
 
 
Fig 2 the statistic of the color ratio of the three different wavelength pairs 
 
Assuming the Г distrbution of the cirrus particle size, the ray tracing method (Yong 
2000, 2005) is used to calculate the optical parameters of the six difference shapes 
(aggregate, bullet rosette, dendrite, solid column, hollow column and plate) of the 
cirrus clouds. From the relation between the color ratio and the mean effective radius 
as shown in Fig. 3, one can tell that the measured cirrus clouds over Hefei in this 
period most likely in the aggregate shape with the mean effective radius greater than 
20 um. 
 
Fig 3 the relation between cirrus backscatter color ratios of aggregate shape and the 
mean effective radius 
 
